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DESCRIPTION 

METHOD AND MEDIUM rCR DETECTING VANCOMYCIN- RESISTANT 

ENTERGCGCCUS 

g? TJS INVENTION 
This invention is in the field of chemistry, 
biology and microbiology and relates to methods and 
compositions for detecting the presence of vancomycin - 
resistant Enterococci in a sample of a possibly contaminated 
material. 

qACKGROTTND OF T T ^ Tyn/ENTION 1 
Enterococci are gram-positive bacteria that 
inhabit the gastrointestinal tract of healthy individuals. 
These bacteria have been identified as opportunistic 
pathogens for humans. Diseases caused by Enterococci 
include endocarditis, enterococcal bacteremia, urinary tract 
infections, neonatal infections, central nervous system 
infections (rare), intraabdominal and pelvic infections. 
Enterococci have emerged as one of the leading causes of 
nosocomial infections, responsible for 10% of all infections 
acquired in the hospital (Emori, T.G. and Gaynes, R.P. Clin. 
Mi c_mbjgj - Rev. 6:428-42, 1993). 

Recent alert about Enterococci is caused not only 
by their increasing role in nosocomial infections, but also 
by their resistance to vancomycin, an antibiotic that has 
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been used for creating infection caused by gram positive 
cocci. Vancomycin, resistant Er.tarococci , emerged as the 
nosocomial pathogen of the 1990s, have only been discovered 
in the late 1930s. From 1989 through 1993, the percentage 
of nosocomial infections reported by the United States 
Center for Disease Control's National Nosocomial Infections 
Surveillance system that were caused by vancomycin- resistant 
Enterococci increased from 0.3% to 7.9% (CBC, MMWR Report 
1995) . Vancomycin resistant Enterococci have raised the 
public's anxieties and prompt intense infection control 
measures in hospitals around the world because no known 
effective therapy exists for life-threatening vancoraycin- 
resistant enteroccccal infections. 

Statistics based on the United States Center for 
Disease Control indicated that 10% of the enterococcal 
infections are caused by vancomycin-resistant Enterococci 
with an approximate 60% of mortality rate'. The World Health 
Organization acknowledged that vancomycin-resistant 
Enterococci are one of the most serious threats to human 
health. Recommendations for preventing the spread of 
vancomycin resistance have been extensively discussed in 
Tortious DJjjaase Alert, vol. 14, 185, 189, 1995; 44 MMWR, 
RR-12, 1995; Sdmond et al . , Clin. Inf . Pis. 20:1126, 1995; 
59 Federal Register 25758, 1994; and 16 infection Control 
"Ds-nlta] Epidemiology , 105, 1995. 

Prompt detection and reporting of vancomycin- 
resistant Enterococci isolates are critical for preventing 
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endemic spread cf vancomycin- res iszanc Ir-tarocccci and 
allowing proper treatment once the right drug becomes 
available . 

. Currently, numerous vancomycin- containing 
selective media are used in the surveillance of vancomycin- 
resistant Enterococci. There is, however, not a 
commercially available method which allows accurate, easy, 
and rapid detection cf this important nosocomial pathogen. 
Recently, Landman et al. , J. Clin. Microbiol. (1996) 34:751- 
752 , described the use cf five selective media for 
identifying fecal carriage of vancomycin- resistant 

Enterococci . 

A common procedure for detecting vancomycin 
resistant Enterococci by ail these available methods 
involves adding a suspect specimen into a sterile culture 
medium containing all the necessary elements for bacterial 
growth. The media may be a liquid medium or a solid agar 
medium. The sample may be natural or pretreated, as by 
transporting the sample in a preservative medium before 
adding it to the selective culture medium and the medium 
often contain vancomycin to selective for vancomycin - 
resistant Enterococci. Usually, these culture media are 
sterilized to prevent interference from contaminating 
microbes, and an incubation period of from 48 to 72 hours 
are reauired for decection of vancomycin- resistant 
Enterococci . 
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One major problem for using these types of 
selective media is that many bacteria are intrisicaiiy 
resistant to vancomycin. Examples include almost ail of the 
cram negative bacteria and some gram positive bacteria 
(Lactobacillus spp . Pediococcus spp . , and Leuconostoc spp . ) . 
Once crowch is observed in these culcure media, the cargec 
microbes must be isolated and confirmed through selective 
isolation and one or mere tests specific for a variety of 
physiological and biochemical characteristics. Often, a 
number of specific colonies must be sequentially tested. In 
some cases, the overgrown gram negative bacteria (such as 
the swarming Proteus spp.) on the culture plates prevent 
accurate identification of specific colonies for subsequent 
tests. Additionally, the isolated cultures must be 
confirmed through antibiotic susceptibility tests for ■ 
vancomycin resistance. 

These methods are labor intensive, time consuming, 
and require highly skilled medical technologists or 
microbiologists to perform the tests. The above described 
methods usually take at least 2-3 days to complete, and are 
suspectible to false positives and false negatives. 

The use of' chromogenic or f luorogenic enzyme 
substrates have been widely used in microbial diagnostic 
methods. For example, Edberg (U.S. Patent No. 4,925,789) 
described using a nutrient indicator which not only serves 
as a nutrient indicator, but also changes color upon being 
metabolized. This patent, herein incorporated by reference, 
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provides a medium containing a nutrient indicator which, 
when metabolized by target bacteria, releases a moiecy which 
imparts a color or other detectable change to the medium. 
The orocedure takes advantage of enzyme specificity unique 
to particular speciies of groups of bacteria. It describes 
using antibiotics to select for growth of the target 
microorganisms and provides a specific example of liquid 
based assay. 

Kilian et al. Acta Path . Microbiol. Scznd. Sec. 3 
5 7 271-275 (1979) and Demare et al-, J -nod Science 
50:1736 (1985) report use of agar-based media without 
antibiotics. Chen and Gu, U.S. S.N. 08/335,149, filed 
November 4, 1994, incorporated by reference herein, 
described the use of a fluorogenic nutrient indicator, 4- 
methylumbeiifery-3-D-glucopyranoside, in a microbe-specific 
medium for detecting Enterococci . Each of the above 
described methods, however, is not suitable for detecting 
vancomycin- res 1st ant Enterococci . 

The above discussion is not an admission that any 
of the references discussed is prior art to this invention. 

SUMMARY OF THE INVENTION 
The present invention provides a method and media 
for specific detection of target microbes in a clinical 
samoie. One of the problems in clinical sampling is that 
many bacteria are physiologically or biochemically similar, 
since these organisms reside in the same ecological system 
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such as gastroincsncial tract of humans. Therefore, a 
simole, single enzyme reaction is often insufficient: to 
specifically detect an organism in a medium. To achieve 
specific detection of target microbes, at lease cwo enzymes 
should be used. 

According to the present: invention, a medium is 
orovided in the method of performing a microbial diagnostic 
test , in which target microbes metabolize at least two 
nutrient indicators to yield detectable signals, and in 
which the presence of target microbes is indicated by the 
detectable characteristics yielded by two specific enzymatic 
reactions. The specific enzymes include £-glucosidase and 
pyrrol idonyl aryiamidase . 

Preferrably, the two or more nutrient indicators 
yield distinctively different detectable signals so that the 
presence of both or more detectable signals is distinctively 
detectable from the presence of only one or some of the 
detectable signals. In such a case, the two or more 
nutrient indicators can be detected at the same or about the 
same time. For example, one nutrient indicator gives a 
color in the visual range while another nutrient indicator 
produces fluorescence under a ultraviolet lamp. 

However, in designing aqueous assay systems using 
two chromogenic or two f luorogenic compounds as nutrient 
indicators, it is often difficult or even impossible to find 
two nutrient indicators with different colored products, or 
whose signals do not interfere with each other. Obviously, 
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two indicators which yield the same color would be useless 
for detecting the presence of both. A less obvious problem 
exists when a strong red colored product masks a light 
yellow signal, or when a blue colored product: quenches a 
fluorescent signal. To overcome these problems, this 
invention uses a second nutrient indicator that produces a 
colorless intermediate product which, upon reacting with a 
developing agent, generates a second detectable signal, e.g. 

0 or a filter pacer. This aoorcach prevents interference from 

Q 

m the colored product of the first nutrient indicator m tne 

j| medium. Thus, specific detection of vancomycin-resistant 

T *nterococci in a samoie is achieved in this invention by 

P - 

9 u^i^q secuentiai detection of metabolic hydrolysis of two 

r o 

nutrient indicators in the medium. 
£ Thus, in a first aspect, this invention features a 

6- medium for detecting two or more bacterial enzymes. The 
medium contains a first nutrient indicator for a first 
bacterial enzyme. The first nutrient indicator provides a 
first detectable signal when cleaved by the first bacterial 
enzyme. The medium also contains a second nutrient 
indicator for a second bacterial enzyme. The second 
nutrient indicator provides an intermediate molecule when 
cleaved by said second bacterial enzyme. The intermediate 
molecule provides a second detectable signal upon reacting 
with a developing agent. 

In preferred embodiments, the first bacterial 
enzyme is [3-glucosidase and the first nutrient indicator may 
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be selected from the group of (3 -glucosidase substrates 
consisting of r e s o fur an -ft-D-g luccpyr ano s ide , o-nitrophenyl- 
3-D-glucopyranoside, p - ni t r op he ny 1 - 3 - D - g 1 uc op y r ano side, 5- 
bromc - 4 - chloro - 3 - indoxyl D -glucopyranos ide , 5 -bromo - 2 - 
nap h ty 1 - [3 - D -glucopyranos ide , Rose- ft -D -glucopyranos ide , VQM- 
Gic (2- {2- [4- (3-D-glucopyranosyioxy) -3 -mechoxyl] vinyl) -1- 
me t hy 1 - quino 1 inium iodide, VBZTM-Gluc (2 - (2 - [4 - (fi-D- 
giucopyranosyloxy) 3 - me t hcxylpheny 1 3 vinyl} -3- 
methylbenzothiazolium iodide, and 4-methylumbellif eryl-fl-D- 
glucopyranoside . This list is not meant to exclude (5- 
glucosidase substrates which have yet to be discovered but 
may later be identified and included in this list by those 
of ordinary skill in the art. 

In other preferred embodiments, the second enzyme 
is pyrrol idonyl arylamidase and the intermediate molecule 
alters the color of said medium upon reacting with a color 
developing agent. The second nutrient indicator is 
pyroglutamic acid-$-naphtylamide, and the preferred color 
developing agent is p-dimethylaminocinnamaldehyde . 

By "medium" is meant a solid, semi-solid, powder 
or liquid mixture which contains all, substantially all, or 
some of the nutrients necessary to support bacterial growth. 
Amino acids, minerals, vitamins, and other elements known to 
these skilled in the art to be necessary for bacterial 
growth are provided in the medium, which include, but are 
not limited to, those disclosed in U.S. application no. 
08/335,149, filed on November 4, 1994, incorporated by 
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reference herein. In a preferred embodiment, the medium is 
licuid. In another preferred embodiment, the medium is 
agar. In yet another preferred embodiment, the medium is in 
ocwder form which upon rehydration allows the growth and 
detection of bacteria such as vancomycin- res is tant 
Enterocccci . The medium of this invention is free of viable 
target microbes; otherwise, it may be sterile or non- 
sterile . 

For example, the following components are provided 
in the medium in approximately the amounts indicated. Those 
in the art will understand that not every component is 
recruired. Components may also be substituted with other 
components of similar properties. The amounts of components 
may also be varied. 

Amino acids may be provided from a variety of 
sources. These can be provided from natural sources (e.g., 
extracts of organisms) , as mixtures, or in purified form. 
The- natural mixtures may contain varying amounts of such 
amino acids and vitamins. Not all amino acids must be 
provided, and the relative amount of each can vary. For 
general guidance, specific amounts of such amino acids and 
vitamins are indicated below. These amounts are for 
guidance only and are not limiting in this invention. Those 
in the art will recognize that many different combinations 
of amino acids and vitamins can be used in the medium of 
this invention. The lists provided below exemplify just one 
such example. Normally, only amino acids which cannot be 
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synthesized enccgencusiy by the microorganisms to be 
detected must be provided. However, ocher amino acids may 
be provided without departing from the medium of the 
invention . 

The medium preferably includes at least the 
following amino acids in approximately the following amounts 
(per liter of medium): alanine (0.1 to 0.3 grams), arginine 
(0.1 to 0.3 grams), aspartic acid {0.4 to 0.7 grams), 
cystine (0.01 to 0.015 grams), glutamic acid (1.0 to 1.6 
grams), glycine (0.12 to 0.17 grams), histidine (0.115 to 
0.17 grams), isoleucine (0.25 to 0.3 7 grams), leucine (0.4 
to O.S grams), lysine (0.37 to 0.55 grams), methionine (0.13 
to 0.19 grams), phenylalanine (0.2 to 0.3 grams), proline 
(0.4 to 0.5 grams), serine (0.13 to 0.25 grams), threonine 
(0.1S to 0.28 grams), tryptophan (0.05 to 0.07 grams), 
tyrosine (0.12 to 0.18 grams), and valine (0.29 to 0.44 
grams) . 

Salts may be provided as a source of ions upon 
dissociation. Such salts may include (per liter. of medium): 
potassium chloride (e.g., about 0.5 to 1.5 grams); copper 
sulfate {e.g., about 40 to 50 jug) ; ammonium sulfate (e.g., 
about 4.0 to 6.0 grams); potassium iodide (e.g., about 50.0 
to 150.0 fji.q) ; manganese sulfate (e.g., about 300.0 to 500.0 
(jlc) ; sodium molybdate (e.g., about 150.0 to 250.0 fig) ; zinc 
sulfate (e.g. about 300.0 to 500.0 /zg) ; and sodium chloride 
(e.g. about 0.05 to 0.15 g) . 
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Other inorganic moieties -nay be included to aid 
microbial growth. These include che following (to the 
extent not already provided in the above sources of various 
chemical entities and described in amounts per liter) : 
Phosphorus (about 0.5 mg) , Potassium (about 0.4 rag), Sodium 
(about 3 0 to SO mg) , and trace' amounts or Calcium, 
Magnesium, Aluminum, Barium, Chloride, Cobalt, Copper, Iron, 
Lead, Manganese, Suf fate, Sulfur, Tin and Zinc. 

Vitamins required for growth and reproduction of 
the microorganism sought to be detected may also be 
provided. These can be provided in a pure form or as part 
of a more complex medium. Vitamins may be present in 
approximately the following amounts (per liter of medium) : 
biotin (about 220 to 330 /xg) , pantothenic acid (about 44 to 
56 fig) , pyridoxine (about 9 to 14 mg) , riboflavin (about 11 
to 17 mg) , folic acid (about" 6 to 8 mg) , thiamine {about 16 
to 24 mg) , niacin (about 15 to 23 mg) , and trace amount 
(less than io /ig) of cyanocobalamin. 

The medium may also contain an agent which induces 
enzyme activity. This agent may be an analog to the 
nutrient indicator. For example, isopropyl-p-D- 
thiogalactoside (IPTG) induces [S-galactosidase activity* 
Ethyl -ft-D-thioglucoside induces 3-glucosidase activity. L- 
pyroglutamamide, L-pyroglutamic acid, and pyroglutamic acid 
penta-chloropenyi ester induce pyrrolidonyl aryiamidase 
activity. 
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3y " bacterial enzyme" is meant an enzyme whose 
enzymatic activity such as the ability no hydro lyse a 
subscrace or a plurality of substrates is characteristic of 
a bacterium or a plurality of bacteria. In this invention, 
the enzymatic activities of a bacterial enzyme or bacterial 
enzymes are used to detect the presence or measure the 
concentration of bacteria in a test sample. The bacterial 
enzymes include all those known to one skilled in the art, 
including, but not limited to, those listed in Enzymes , 3rd 
edition, edited by Malcolm Dixson, Edwin C. Webb, C.J.R. 
Thome, and K.F. Tipton, 1979, Academic Press, U.S.A. 
Examples include, but are not limited to, alkaline 
phosphatase, acid phosphatase, esterase, lipase, N-acecyl-p- 
D-galactosaminidase, N-acetyl-£-D-giucosaminidase, 
Neuraminidase , L - arab inopyranos idase , (3-D - f ucos idase , a-L- 
fucosidase, (3-L-fucosidase, a-D-galactosidase, [3-D- 
galactosidase, a-D-glucosidase, (3-D-glucos idase, |3-D- 
glucuronidase, pyrrolidonyl arylamidase, a-D-mannosidase, 
pyrophosphatase , sulf atase , {3-D-xylosidase , peptidase , 
aminopept idase, trypsin, chymo trypsin, and phosphohydroiase . 
In a preferred embodiment, the bacterial enzyme is selected 
from the enterococcus specific enzymes consisting of (3-D- 
glucos idase, pyrrolidonyl arylamidase, and leucine 
aminopeptidase . 

By "nutrient indicator" is meant a molecule or 
substance containing a nutrient source attached to or 
conjugated with a moiety which produces either a detectable 

SSSD/20072. vOl 



13 



PATENT 

Dkt. No. 03604.0032.00USOI 



signal in a medium or an intermediate molecule which 
provides a detectable signal in the medium upon reacting 
with a developing agenc . The two or mere nutrient 
indicators are provided in an amount to support the growth 
of target bacteria. As target bacteria grow from the phase 
in which nutrients are accumulated for reproduction (lag 
phase) into the phase in which reproduction occurs at a 
relatively rapid rate (log phase) , nutrition requirements 
change. Consequently, increasing amounts of nutrient 
indicators are metabolized and detectable signals or 
intermediates are produced. Nutrient sources may provide 
essential vitamins, minerals, trace elements, amino acid 

me 

ingredients or carbon. The nutrient indicator may provide 
the primary carbon source to support substantial 
reproductive growth of target microbes until detectable 
characteristics are produced. Other nutrient sources may 
also be provided, so long as adequate selectivity and 
sensitivity of the medium is maintained. For example, the 
nutrient indicator may be the primary source of carbon for 
the target bacteria- Alternatively, other carbon sources 
may be present (e.g. amino acids) which might be 
preferentially used by the target bacteria but the amount 
provided is such that not to reduce the specificity (and 
preferably, the sensitivity) of the medium. 

The moiety attached to or conjugated with the 
nutrient source may be a detectable moiety or an 
intermediate molecule. A "detectable moiety" is a molecule 
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or substance which can either be covaienciy linked to a 
nutrienc source or exist as a separate entity by itself. 
The detectable moiety does not cause or produce a detectable 
signal when it is covalentiy bonded to a nutrient source. 
However, when a bacterial enzyme hydro lyses the nutrient 
indicator, the detectable moiety is released and causes or 
produces a detectable signal. A detectable moiety may be a 
chromogen or a f lucrogen . Fluor ogens fluoresce upon - 
exposure to an excitation light source. Fluorogens include, 
but are not limited to, 4-methyiumbellif erone and 7 - ami do - 4 - 
me thy 1 - coumar in moieties. Chromogens produce a color change 
observable in the visible range. Chromogens include, but 
are not limited to, o-nitrcphenyl and bromo-chloro- indole 
moieties. 0 - n i t r op heny 1 moieties produce a yellow color 
when released from the nutrient moiety. Bromo-chloro -indole 
moieties become blue when released from the nutrient moiety. 

An "intermediate molecule'' is a molecule or 
substance which can either be covalentiy linked to a 
nutrient source or exist as a separate entity by itself. 
Unlike a detectable moiety, an intermediate molecule, when 
released from the nutrient source, does not by itself 
immediately provide an easily detectable signal. It does 
orovide a detectable signal, however, upon reacting with a 
developing agent. An exemplary intermediate molecule is (J- 
naohcylamide, which does not change the color of the medium 
when released from the nutrient indicator. However, the 
released (3-naphtylamide produces a pink to red color when 
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mixed with a developing agent, p- 
dimethylaminocinnamaiedhyde . 

By "detectable signal" is meant a characteristic 
change in a medium or sample that is observable or 
measurable by a physical, chemical, or biological means 
, known to these skilled in the art. A detectable signal may 
be a change in emission or absorbance of visible or 
invisible light or radio waves at a certain wavelength, 
electrical conductivity, hybridization, enzymatic reaction, 
emission of gas, cr odor. A detectable signal may also be a 
change in physical state such as between solid, liquid and 
gas. In preferred embodiments, detectable signals are 
changes in color or fluorescent emission of the medium. 

Nutrient indicators for ft-glucosidase include, but 
are not limited to, resofuran-£-D-glucopyranoside, p- 
nitrophenyl - & -D-glucopyranoside , 5 -bromo-4 -chloro - 3 - indoxyl - 
(3 -D-gluccoyranoside , 6 -bromo- 2 -naphtyl- $ -D-glucopyranoside , 
Rose -(3 -D-glucopyranoside, VQM-Glc (2- {2- [4- (P-D- 
glucopyrancsyloxy) -3-methoxyl] vinyl) -l -methyl -quinolinium 
iodide, VBZTM-Gluc (2- {2- [4- ( (5-D-glucopyranosyloxy) 3 - 
methoxylphenyl] vinyl) -3 -methylbenzothiazolium iodide, and 4- 
methylumbellif eryl-p-D-glucopyranoside. 

Nutrient indicators for pyrrolidonyl arylamidase 
include, but are not limited to, L-pyroglutamic acid p- 
nitroanilide, L-pyroglutamic acid 7 -amido-4 -methyl-coumarin, 
and pyrogiutamic acid £-naphtylamide . 
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The invention also features a method of using the 
above described medium to sequentially detect che presence 
or absence of two or more bacterial enzymes in a tesz 
sample. The medium is inoculated with the zesz sample and 
incubated under conditions suitable for baccerial grcwch for 
a certain time period (preferably no more than 24 hours, 
more preferably no more than 13 hrs, even mere preferably no 
more than 10 hours) . The first detectable signal is used as 
an indication of the presence of the firsc baccerial enzyme 
in the test sample. The medium is then brought into contact 
with a developing agent and the second detectable signal is 
used as an indication of the presence of the second 
bacterial enzyme in the test sample. 

By "inoculating" is meant mixing the 
environmental, biological or clinical sample with a liquid 
medium or liquefied solid medium of this invention or 
bringing the sample into contact with a semi solid medium. 

By "test sample" is meant a piece, fraction, 
aliauot, droplet, portion, fragment, volume, or tidbit taken 
from a human or an animal test subject, or from soil, water, 
air or other environmental sources, or any ether sources 
whose bacterial content needs to be determined. Clinical 
samples are taken from or coming from human sources. 
Examples include, but are not limited to, rectal and 
perirectal swabs, wound swabs, stool specimens, urine 
specimens, and blood. Environmental and biological samples 
are taken from or coming from a substance capable of 
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supporting one or mere life forms including yeast and 
bacteria. Examples include, but are net limited to, swabs 
taking from drinking water, food, utensils or equipment 
surfaces . 

3y "bacteria' 1 is meant one or more viable bacteria 
existing or cc- existing collectively in a test sample. The 
term may refer to a single bacterium (e.g., Escherichia 
cell) , a genus of bacteria (e.g. pseudemcnads) , a number cf 
related species of bacteria (e.g. col i forms) , an even larger 
crrcuo of bacteria having a common characteristic (e.g. all 
cram-negative bacteria) , a group of bacteria commonly found 
in a food oroduct, an animal, or human subject, or an 
environmental source, or a combination of two or more 
bacteria mentioned above. The bacteria include those 
described or referred to in Beraev' s Manual cf Systematic 
Bacteriology , 198 9, Williams and Wilkins, U.S.A., 
incorporated by reference herein. 

The term w Entarococci" includes, but is not 
limited to, the following species of microorganisms: 
Enterococcus avium, E. casseliflavus, E. cerorum, E. 
columbae, E. dispar, E. durans, E. faecalis, E. faecium, E. 
gallinarum, E. hirae, E. malodoratus, E. mundtii, E. 
psaudoavium, E. raffinosus , E . saccharolyticus , E. 
sariolicida, E. solitarius, and E. sulfureus . This term is 
not meant to exclude species which have yet to be discovered 
but may later be identified and included in this genus by 
those skill in the art. 
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The term "vancomycin- resistant Encerococci" 
includes, but is not limited to, the following species of 
Enterococci which are able to grow in the presence of at 
l eas t is pig/ml vancomycin: Enterococcus casseliflavus , E. 
faecalis, E. faacium, and E. gallinarum. Among them, E . 
faecalis and E. faecium are the strains of clinical 
significance comprising more than 95% of clinical isolaces . 
The term is not meant to exclude species which have yet to 
be discovered but may later be identified and included in 
this genus and shown to be resiscant to vancomycin by those 
of skill in the art. 

Bv Selective agents" is meant antibiotics which 
prevent or inhibit the growth of fungi and gram negative 
bacteria and prevent microbes other than Enterococci from 
metabolizing the nutrient indicators. Selective ager.cs 
include, but are not limited to, sodium azide, sodium 
chloride, thallium acetate, nalidixic acid, enoxacin, 
cinoxacin, ofloxacin, norfloxacin, gentamicin, neomycin, 
bile salts, lincomycin, colistin, ansiomycin, and 
cycloheximide. Preferably, it includes (per liter of 
medium) amikacin sulfate (e.g. about 0.005 to 0.015 mg) , 
polymyxin B (about 0.002 to 0.015 mg) , amphotericin B (about 
0.001 to 0.030 mg) , bacitracin (about 0.0004 to 0.0015 mg) , 
cefotaxime (about 0.5 to 5 mg) , and clindamycin (about 0.002 

to 0 . 010 mg) . 

This invention features a medium for detecting the 
presence or absence of vancomycin -resist ant Enterococci. 
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Such a medium contains: (a) vancomycin in an amount 
sufficient to suppress che growth of vancomycin sensitive 
Enterocccci; (b) one or more selective agents in an amount 
sufficient to suppress the growth of fungi, gram positive 
and gram negative bacteria other than Enzarocccci; z) a 
first nutrient indicator which provides a first detectable 
signal when cleaved by 3-giuccsidase; and d) a second 
nutrient indicator which provides an intermediate molecule 
when cleaved by pyrrol idonyl aryiamidase, wherein the 
intermediate molecule provides a second detectable signal 
upon reacting with a developing agent. Alternatively, the 
d) above is replaced by a second nutrient indicator which 
provides a second detectable signal when cleaved by 
pyrrol idonyl arylamidase, wherein the presence of both the 
first detectable signal and the second detectable signal is 
distinctively detectable from the presence of only one of 
the detectable signals. 

In a preferred embodiment, the first nutrient 
indicator is selected from the group consisting of 
re s o fur an -[3-D - glucopyr anos ide , o - ni t rophenyl -p-D- 
glucopyr anos ide , p- ni t rophenyl -3-D - glucopyranc s ide , 5 - bromo - 
4-chloro-3 -indoxyl- 3-D- glucopyr anos ide, 6 -bromo - 2 - naphtyl - 3 - 
D-glucopyranoside , Rose - 3 -D-giucopyranos ide , VQM-Gic ( 2 - { 2 - 
[4- ( 3-D-glucopyranosyloxy) -3 -methoxyl] vinyl) -1-methyi- 
quinolinium iodide, VBZTM-Gluc (2- {2- [4- (3-D- 
glucopyranosyloxy) 3-methoxylphenyl] vinyl} -3 - 
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mechyibenzothiazciium iodide, and 4-methyIumbeiiif aryl-j3-D- 
giucopyrancside . 

la other preferred embodiments , the second 
nutrient: indicator is pyrogiutamic acid-£-naphcyiamide ; the 
develcoing agent is p-dirnethylaminocinnaraaldehyde . 

In a further preferred embodiment , che first: 
nutrient indicator is o-nitrcphenyl-£-D-glucopyrancside for 
encerococcus 3-clucosidase; the second nutrient indicator is 
pyrogiutamic acid [3 -naphtylamide for enterococcus 
pyrrol idonyl aryiamidase / and the developing agent: is p- 
dimethylaminocirjiamaldehyde . 

In another preferred embodimenc , vancomycin is 
provided in an amount to inhibit the growth of both 
vancomycin sensitive Enterococci and ncn- Enterococci gram 
positive bacteria, e.g. 12 to 25 milligrams per liter of 
medium . 

The invention also features a method of using the 
above described medium to detect the presence or absence of 
vancomycin- resistant Enterococci in a test sample. The. 
medium is inoculated with the test sample and incubated 
under conditions suitable for Enterococci growth for a 
certain time period (preferably no more than 24 hours, more 
preferably no more than 18 hrs, even more preferably no more 
than 10 hours) . After the detection of the firsc detectable 
signal (which indicates the presence of £-glucosidase in the 
test sample) , the medium is brought into contact with a 
developing agent: and the second detectable signal is used as 
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an indication for the presence of pyrrol idcnyl arylamidase 
in the test sample. The presence of both the first and 
second detectable signals indicates that the sample contains 
vancomycin- resistant Enterococci . The testing medium does 
not have to be kept sterile, but, obviously must: be free of 
viable target microbes, and the test procedure does not have 
to be performed in a sterile environment. 

In a preferred embodiment, the medium is in powder 
form, which is liquified with sterile water or non-sterile 
water before a test sample is inoculated with the medium. 
The incubation may be performed at a variety of 
temperatures, but preferably carried out between 3 5°C and 
45°C. 

The term "liquified" means substantially in liquid 
form, though it is also meant to include pulverized or 
homogenized samples of solid substances having at least a 
10% liauid content. This phrase is meant to exclude a 
gelled medium, such as is found with agar. 

In another preferred embodiment, the method uses 
an agar medium containing the first and second nutrient 
indicators. After the detection of the first detectable 
signal (which indicates the presence of 3-glucosidase in the 
test sample) , a developing agent is added on top of the agar 
medium and the second detectable signal is used as an 
indication for the presence of pyrrolidonyl arylamidase in 
the test sample. The presence of both the first and second 
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detectable signals indicates chat the sample contains 
vancomycin- res is cane Enterococci . 

In yet anccher aspect, the invention features a 
method for Quantifying the number of vancomycin- res is cane 
Enterococci present in a sample by ccntaccing che sample 
with the licuefied medium described above, placing the 
sample and medium mixcure in containers, incubating che 
samole and medium mixture, observing che quant icy and 
quality of detectable characteristic signals, and comparing 
the quantity of deteccabie characteristic signals wich che 
most probable number (MPN) values. The MPN technique is 
based on probabilicy statistics and the results from any 
type of an MPN analysis are directly related to the 
freauency of occurrence of a series of positive resulcs that 
are most likely to occur when given numbers of organisms are 
present in a sample. 

In preferred embodiments, the invention used the 
apparatus described by Croteau et al. in U.S. S.N. 
08/557,529, hereby incorporated by reference. 

Using the media and methods of this invention, a 
test sample containing only about 1-10 viable vancomycin - 
resistant Enterococci per ml can display deteccabie 
characteristic changes in 24 hour. The amounc of oxygen and 
carbon dioxide in the medium, amount and type of enzyme 
inducer present, amount and type of selective agents 
present, amount of nutrients provided in the medium, and the 
relative health of the bacteria all affect the detection 
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time. The addition of agents such as pyruvate, which may- 
aid recovery of injured organisms, may increase the speed of 
detection. If large numbers of bacteria are present in the 
samole, more rapid detection is also possible. In this 
invention, the medium provided allows detection of 100-1000 
cells/ml in less than 13 hours and 1-10 ceils/ml of target 
microbes in less than 24 hours without cross reactivity from 
10 7 cells of non- target microbes, at least S5% of the time. 
JT This invention can be used in detection of 

O vancomycin- resistant Enterococci in such settings as 

m 

M hosoita 1 s , clinical and ve ternary laboratories, and nursing 

m hemes. Compared to the existing culture methods in 

T detecting vancomycin resistant Enterococci in a sample, the 

ff method of this invention takes shorter time and does not 

W reauire sterile medium preparation or multiple steps of 

m. 

O' culture isolation, biochemical identification, and 

antibiotic susceptibility confirmation. Furthermore, this 
invention does not require highly skilled medical 
technologists or microbiologists to perform the test. These 
advantages make this invention ideal for routine 
microbiological detection of vancomycin -resistant 
Enterococci . 

Other features and advantages of the invention 
will be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



SSSD/2C072 . vGl 



24 PATENT 

Dkt. No. 03604.0032.00US01 

In the following description, reference will be 
made to various methods known to those skill in the 
chemical, biological and microbiological arts. Publications 
and other materials sec ting forch such known methodologies 
to which reference is made are incorporated herein by 
reference in their encirecies as though set forth in full. 

Detecting Bacterid wich Nutrient indicacors 

One approach to test the presence of a particular 
microorganism or a particular group of microorganisms is to 
take advantage of the metabolic and physiological 
characteristics of specific microbes. Specific 
microorganisms derive their nutrients from an array of 
sources, some of which may be unique to a particular 
microorganism or group of microorganisms. Many enzymes have 
been identified as specific to particular groups or species 
of microorganisms and others will likely be identified in 
the future. 

Edberg, U.S. Patent No. 4,925,789 described the 
use of a nutrient indicator which not only serves as a 
nutrient source, but also changes color upon being 
metabolized. The patent, herein incorporated by reference, 
provides a medium containing minimum nutrients for microbial 
crowth and a nutrient indicator which, when metabolized by a 
target bacteria, releases a moiety which imparls a color or 
other detectable change to the medium. The procedure takes 
advantage of enzyme specificity unique to particular species 
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of crourss of bacteria. This minimum -nutrient, medium 
resembles yeast nitrogen base in their overall ccmpositicn. 
Yeast nitrogen base, a commercial produce of Difco (Difco, 
Detroit, MI) , includes sodium chloride, a large amount of 
ammonium sulfate (a good nicrcgen source) , and amino acids 
(histidine, methionine, and cryptophan) in the medium 
formulation. Yeast nitrogen base differs from Sdberg's 
medium ingredients in the amount of potassium phosphate, 
sodium carbonate, and sodium pyruvate used, as well as in 
some other minor aspects. The important feature of yeast 
nitrogen base is the absence of carbon source in the 
formulation. This feature accounts for the face that, while 
yeast nitrogen base has been used in the classification of 
yeasts particularly on the basis of carbohydrate 
requirements, it also serves as a good basal medium to 
support the growth of non-fastidious bacteria. When 
nutrient indicators are incorporated into a medium like 
yeast nitrogen base, they become the primary carbon source 
for the target bacteria. The carbon source derived from 
nutrient indicators, when hydrolyzed by target microbes 
specific enzymes, supports substantial reproductive growth 
of target microbes until detectable characteristics are 
produced. In addition, because only limited nutrients are 
present in this yeast nitrogen base like medium, the growth 
of fastidious bacteria is prevented. Chen and Gu also 
described a medium comprising of modified yeast nitrogen 
base (with the exclusion of potassium phosphate and other 
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salts) and a nutrient: indicator for specific detection of 
Enter ococci in a sample in U.S. Application No. 03/335,143, 
filed November 4, 1394. 

Several unique enzymes, including (5-giucosidase 
and pyrrolidonyl arylamidase, have been identified in the 
Enterococcus group of bacteria (Murray, Clin. Microbiol , 
Rev. 3(1) 140-55, 1930) . These enzymes hydro lyze chrcmogenic 
or f luorcgenic substrates under appropriate selective 
environments to produce a colored or fluorescent signal that 
can be detected either visually or spec tropho tome tricaiiy 
(Littel, et. al . , Ago! . Environ , Microbiol . 45:522-527, 
1933, Bosley et . al . J. Clin. Micrcbiol. 13:1275-1277, 
1933) . Nutrient indicators preferably used in detecting 
Enterococci (including vancomycin- resistant Encerococci) are 
the. chrcmogenic substrates, ortho-nitrc?henyi-3-D- 
giucopyranoside and pyroglutamic acid (5 -naphtylamide . 

When viable enterococcus bacteria are present in a 
sample, the nutrient indicators are metabolized. When 
cleaved from the nutrient indicator, the indicator portion 
becomes colored in the medium or becomes colored upon the 
addition of a color developing agent such as p- 
dimethylaminocinnamaledhyde . The glucose and the L- 
pyrrolidone carboxylic acid moieties released from the 
nutrient indicators are then utilized by vancomycin- 
resistant Enterococci to promote growth. 

In addition to Enterococci , other bacteria that 
oossess (3-glucosidase activity include the genera of the 



S3SD/2G072. vOI 



PATENT 

Dkt. No. 03604.0032.00US01 



C5 

Hi 



m 



family cf Entercbacteriacae (e.g. Encerobaczer aerogenes , Z. 
cloacae, Klebsiella pneumoniae, Serracia marcescens) , and 
some cf the cram posicivs bacteria (e.g. Listeria 
monocytogenes, Aerococci, Laccccocci, Pediocccci, 
Leuccnosccc, and Lactobacilli) . In addition to Enterococci, 
ether bacteria that possess pyrrol idenyl aryl ami case 
activity include the genera of Staphylococcus, Lactococcus , 
Aerococcus, and few Lactobacillus. Bacteria that possess 
both B-gluccsidase and pyrrol idenyl arylamidase activities 
include Serratia marcescens, some of the Lactococci and 
Aerococci as well as a few Lactobacillus. 

Vancomycin is an antibiotic primarily used against 
gram positive bacteria. It inhibits cell wail biosynthesis 
and thus prevents the growth of sensitive bacteria. Some 
Enterococci, which in general are susceptible to vancomycin, 
have emerged resistance to this antibiotic by blocking the 
access of vancomycin to its site of action. This 
physiological characteristic allows one to detect 
vancomyc in-resistant bacteria in the presence of most 
vancomycin sensitive gram positive bacteria. 

Several gram positive bacteria including the 
genera of Leuconostoc, Pediococcus, and some Lactobacillus, 
however, are intrinsically resistant to vancomycin. 

A medium for detecting and confirming the presence 
of vancomycin- resistant Enterococci may be produced by 
utilizing a combination of vancomycin resistance, sequential 
enzyme specificity, and selective environments. Non-target 
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microbes which do net possess bech (3-giucosidase and 
oyrrclidcnyl aryiamidase activity and can not metabolize the 
nutrient indicators will noc exhibit: detectable signals. 
Heterotrophic bacteria or the vancomycin sensitive ncn- 
targec microbes chat possess bech P-gluccsidase and 
pyrrol idenyi aryiamidase activity are selectively suppressed 
by che combination of specifically formulated 
chemical /antibiotic agents and other physical parameters (pH 
and temperature) . 

Typical selective agents that can be used in the 
medium of this invention to prevent the growth of gram 
negative bacteria that are not susceptible to vancomycin and 
possess both (3-glucosidase and pyrrol idenyl aryiamidase 
activity include: sodium azide, thallium acetate, nalixidix 
acid, enoxacin, cinoxacin, ofloxacin, norfloxacin, amikacin, 
cefotaxime, gentamicin, neomycin, polymyxin, colistin, and 
bile salts. 

The combination of vancomycin resistance, 
sequential enzyme specificity and antibiotic selectivity 
provides multiple hurdles which prevent the competing non 
target bacteria from being detected within the test period, 
e.g. 24 hours or 18 hours. 

Components of Bacterial Growth Medium 

Media which have proven optimal in this invention 
for detecting the presence of vancomyc in - resist ant 
Enterococci in a sample include (per liter) a biological 
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buffer, H2?ES-free acid (e.g. about 5.0 to 7.0 gram), EE?ES- 
sodium salt (e.g. 7.0 to 9.0 gram), sodium bicarbonate (e.g. 
1.5 to 2.5 gram), modified yeast nitrogen base (e.g. 4.0 to 
5.0 gram); potassium phosphate (e.g. about 0.1 to 2 grams). 

In addition, the following components are provided 
in the medium in approximately the amounts indicated. Those 
in the art will understand that not every component is 
reouired- Components may also be substituted with other 
components of similar properties. The amounts of components 
may also be varied. 

Specifically, the medium will have (per liter) a 
total carbon content of about 3.4 to 5.0 grams with a total 
metaboiizable carbon of about 0.025 to 0.25 grams; a total 
nitrogen content of about 2.75 to 4.12 grams including an 
amino nitrogen of about 0.26 to 0.3 9 grams. 

Amino acids required for growth of target 
microorganisms are also provided. Not all amino acids must 
be provided and the relative amount of each can vary. Those 
in the art will recognize that natural sources of such amino 
acids can be used rather than pure sources. Amino acids may 
be provided from a variety of sources. These can be 
provided from natural sources (e.g. extract of whole 
organisms) , as mixtures or in purified form. The natural 
mixtures can contain varying amounts of such amino acids and 
vitamins (see below) . For general guidance, specific 
amounts of such amino acids and vitamins are indicated 
below. These amounts are for general guidance only and are 



SSSD/20072 



vOl 



30 



PATENT 

Dkt No. 03604.0032.00US01 



not limiting in this invention. These in the art will 
recognize that many different combinations of amino acids 
and vitamins can be used in media of this invention. The 
list provided below exemplify just one such example. 
Normally, only those amino acids which cannot be synthesized 
endogenous ly by microorganisms to be detected must be 
provided. However, other amino acids may be provided 
without departing from the medium of the invention. 

The "medium preferably includes at least the 
following amino acids in approximately the following amounts 
(per liter of medium): alanine (0.1 to 0.3 grams), arginine 
(0.1 to 0.3 grams), aspartic acid (0.4 to 0.7 grams), 
cystine (0.01 to 0.015 grams), glutamic acid (1.0 to 1.6 
grams), glycine (0.12 to 0.17 grams), histidine (0.115 to 
0.17 grams), isoleucine (0.25 to 0.37 grams), leucine (0.4 
to 0.6 grams), lysine (0.37 to 0.56 grams), methionine (0.13 
to 0.19 grams), phenylalanine (0.2 to 0.3 grams), proline 
(0.4 to 0.6 grams), serine (0.18 to 0.26 grams), threonine 
(0.19 to 0.28 grams), tryptophan (0.05 to 0.07 grams), 
tyrosine (0.12 to 0.18 grams), and valine (0.29 to 0.44 
grams) . 

Salts may be provided as a source of ions upon 
dissociation. Such salts may include potassium phosphate 
(e.g., about 0.5 to 1.5 grams); sodium bicarbonate, (e.g. 
about 1.5 to 2.5 grams); copper sulfate (e.g. about 40 to 50 
liq) ; ammonium sulfate (e.g. about 4.0 to 6.0 grams); 
potassium iodide (e.g. about 50.0 to 150.0 fig); manganese 
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sulface (e.g. about 300.0 to 5 0 0 : 0 fig) ; scdium molybdace 
(e.g. about 150.0 to 250.0 /xg) ; zinc sulface (about 300.0 to 
500.0 fig) ; and sodium chloride (0.05 to 0.15 g) . 

Other inorganic moieties may be included to aid in 
microbial growth. These include the following (to the 
extienc not already provided in the above sources of various 
chemical entities and described in amounts per liter) : 
phosphorus (about 0.5 trig), potassium (about 0.4 mg) , sodium 
(about 3 0 to SO mg) and trace elements of calcium, 
magnesium, aluminum, chloride, cobalt, copper, iron, lead, 
manganese, sulfur, tin, and zinc. 

Vitamins recruired for growth and reproduction of 
the microorganisms sought to be detected may also be 
provided. These can be provided in a pure form or as part 
of more complex media. Such vitamins may be present in 
aooroximately the following amounts (per liter of medium) : 
biotin (about 220 to 330 peg) , pantothenic acid (about 44 to 
66 fig) , pyridoxine (about 9 to 14 mg) , riboflavin (about 11 
to 17 mg) , folic acid (about 6 to 8 mg) , thiamine (about 16 
to 24 mg) , niacin (about 15 to 23 mg) , and trace amount 
(less than 10 fig) of cyanocobalamin . 

Those in the art will recognize that carbon, 
nitrogen, trace elements, vitamins, amino acids and 
selective agents can be provided in many forms. Generally, 
it is preferred to have an amount of vitamins and amino 
acids in the range of the amounts provided above, but those 
in the art will recognize that the actual properties of each 
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ingredient: may be varied so that reduction in the amount of 
one ingredient can be compensated by an increase in the 
amount of another. This is particularly relevant when the 
essential amino acids, trace elements or vitamins of the 
microbes sought to be detected are known. Some ingredients 
may be provided in reduced amounts or deleted if they may be 
synthesized endogenous ly by the microorganism whose presence 
is to be determined. 

Together, vitamins, amino acids, trace elements, 
salts and nutrient indicator ingredients allow sufficient 
growth of the organism so that detectable change of the 
sample may be observed. 

Growth Stimulators 

NaHC0 3 may be incorporated into the medium to 
create a microaerophilic environments to enhance the 
recovery of target microbes. Tween-8 0 and KH 2 P0 4 stimulate 
growth of enterococcus species isolated from water (Lachica 
et al., J . Apol. Bacterid . 31:151-156, 1968). Other trace 
elements such as specific amino acid(s) (e.g. glutamic acid, 
L-pyroglutamic acid) , and vitamins (lipoic acid) also have 
growth promoting activities for enterococcus species. 

Example 1. 

One medium that has proven optimal for detecting 
vancomycin-resistant Enterococci is described in Table I. 

This medium contains a buffer, 4.635 to 5.665 
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grams/licer modified yeast nitrogen base, a source cf carbon 
dioxide and phosphorus ions, effective amounts of 
antibiotics to suppress the growth of fungi, gram negative, 
and gram positive bacteria ocher than Enterococci , effective 
amounts of nutrient indicators including a - ni t r op heny I - >3 - D - 
g i uc opy r ano side and L-pyrogiucamic acid $-naphchyiamine, and 
sufficient amino acids, vitamins, trace elements and 
minerals to support growth cf vancomycin- resistant 
Enterococci . It was prepared in sterile water. 

A 5 milliliter of the medium was dispensed into a 
test tube aseptically. Each tube of the microbe-specific 
medium received a 0.1 milliliter inoculum of the decimally 
diluted microbes under test shown in Table II and III. To 
assess the sensitivity and selectivity of this medium, the 
number of bacterial inoculum was estimated according to the 
standard plating technique using a blood agar medium. 

The medium receiving the bacterial inoculum was 
incubated at 3 5°C for 24 hours. The number of vancomycin 
resistant Enterococci detected by this microbe-specific 
medium varies with different tested vancomycin resistant 
Enterococci strains. Its sensitivity is within the range of 
100 to 1,000 target microbes/ml in less than 18 hours and 1- 
10 target microbes/ml in less than 24 hours (Table II) 
without cross reactivity from at least 10 7 -10* cells of non- 
target microbes (Table III) . 
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Sample 2 

66 rectal and perirectal swabs collected from 
patients suspected to harbor vancomycin resistant 
Encerococci were tested with the VRS-specific medium 
described in Example I. A traditional selective medium, 
Campylobacter blood agar supplemented with 3 fig clindamycin, 
was used in comparison to the VRZ- specific medium. The 
=oecime"s were twirled in the iicuid and inoculated evenly 

O into both the VR=!-soecif ic medium and the reference medium, 

O 

m which were then incubated at 35°C. 

i 



f 

m 



17 test samples exhibited detectable signals in 
the VRS-specific medium within 24 hours for both p- 
clucosidase (as indicated by the presence of yellow color) 

m 

M ; and pyrrolidonyl arylamidase (as indicated by the presence 

J of pink of yellow color upon the addition of p- 

3 dime thy laminocinnamaldehyde) . Ail 17 positive specimens 

were confirmed to contain vancomycin- res is cant Enterococci . 
In addition, no vanccmycin-resiscant Enterococci were 
isolated from the 4 9 test samples that did not exhibit • 
detectable signals. 

16 reference plates inoculated with test samples 
had colonies typical of Enterococci. These cultures were 
i solaced and confirmed for the presence of vancomycin- 
resistant Enterococci through selective isolation, 
physiological and biochemical identification, and antibiotic 
susceptibility test. Another reference plate contained 
swarming bacteria which hindered result interpretation (this 
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bacteria covered the entire plate) ; vancomycin- resistant 
Enterococci were isolated from this plate after a number of 
subculturing. 

These results indicated that: the detection method 
using the VRE- specific medium is at least as sensitive and 
specific as the reference met hod in detecting vancomycin 
resistant Encerococci . The confirmation process for the 
microbe-specific -medium described above is not an admission 
for the requirements of confirmation steps to verify the 
presence of vancomycin resistant Encerococci. It was 
performed to demonstrate that the detection method of this 
invention is specific and sensitive, and does not require 
confirmation steps. 

Example 3 

A vancomycin- resistant Enterococci specific medium 
which contains a buffer, 4.635 to 5.665 grams/liter modified 
yeast nitrogen base, a source of carbon dioxide and 
phosphorus ions, effective amounts of antibiotics- to 
suppress the growth of fungi, gram negative, and gram 
positive bacteria other than Enterococci, effective amounts 
of the chromogenic nutrient indicator, o -nitrophenyl - (3 -D - 
giycopyranoside, and the fluorogenic nutrient indicator, L- 
pyroglutamic acid 7 - ami do - 4 -methyl - coumar in , and sufficient 
amount of amino acids, vitamins, trace elements and minerals 
to support the growth of vancomycin-resistant Enterococci . 
The medium components for the medium are the same as those 
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described in Table I except that L-pyroglucamic acid 7- 
amido - 4 - me thyl - coumar in was used as che nutrient indicator 
instead of L-pyrof lutamic acid $-naphtylamide . It was 
prepared in sterile water. 

A 5 milliliter of the medium was dispensed into a 
test tube asceticaliy. One tube of the microbe-specific 
medium (in triplicate) received an inoculum of approximate 
50 cfu/ml vancomycin- resistant Entarococci . Other tubes of 
the microbe-specific medium received approximate 10 7 cfu or 
vancomycin-sensitive Entarococci. The medium receiving the 
bacterial inoculum was incubated at 35°C for 24 hours. The 
tubes containing vancomycin- resistant Entarococci exhibits 
both yellow color (due to the hydrolysis of o-nitrcphenyi 
D-glucopyranoside) and blue fluorescence under a long wave 
length ultraviolet lamp (due to the hydrolysis of L- 
pyroglucamic acid 7-amido-4-methyl-coumarin) after 24 hours 
of incubation at 35°C. The tubes receiving vancomycin- 
sensitive Entarococci did not produce both yellow color and 
blue fluorescence incubating at 35°C for 48 hours. 

All publications referenced are incorporated by 
reference herein, including drawings and sequences listed in 
each publication. All the compounds disclosed and referred 
to in the publications mentioned above are incorporated by 
reference herein, including those compounds disclosed and 
referred to in articles cited by the publications mentioned 
above . 
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Other emhcdiaier.es of -his inversion are disclosed 
in zhe z ollcwinc claims . 
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